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ABSTRACT 
 
 
 
 
Nannochloropsis sp. has been recognized as a potential source of biomass 
feedstock for biodiesel due to their abilities to grow rapidly, high oil and lipid 
content.  However major challenges faced are the expensive downstream processes 
such as dewatering and drying; utilisation of large volumes of solvent; and tedious 
extraction processes. The novelty of this study is the production of biodiesel from 
wet microalgae biomass via microwave irradiation direct transesterification (DT) 
process with ionic liquid as co-solvent system.  Nannochloropsis sp. was cultivated 
aseptically for 9 days at different light intensities (50, 100 and 200 μmolm-2 s-1) and 
photoperiod cycles (24:0, 18:06 and 12:12 h light:dark) in a 5 L photobioreactor at 
23 
oC using F/2 and Walne‟s medium for maximum growth and lipid content.  
Microwave irradiation was used in the extraction of lipids from microalgae and also 
the transesterification and the results were compared with that obtained via 
conventional waterbath heating.  The effect of microwave irradiation on microalgae 
cell morphology was then identified.  The effects of parameters such as different 
types of solvent and microwave irradiation time on biodiesel yield were also 
investigated.  A DT process was performed taking into account the important factors 
such as reaction temperature, reaction time, ratio of methanol to algae and ratio of 
ionic liquid to methanol.  Results revealed that the maximum growth and lipid 
content were obtained under 100 μmolm-2s-1 light intensity and photo period cycles 
(18:06 h) after 7 days cultivation using Walne‟s medium; achieving maximum cell 
concentration of 12.5 x 10
7
 cell.ml
-1
, which corresponded to the growth rate of 0.453 
d
-1
 and lipid content of 38.31 %.  Microwave accelerates the disruption of microalgae 
cell walls resulting in rapid release of oil.  The use of IL2 as co-solvents was found 
to be most effective in disrupting microalgae cell.  It was seen that the cell disruption 
achieved a maximum of 99.73 % after 15 min of DT process.  The mixture of 
methanol-IL2 extracted the lipid from microalgal biomass, concurrently 
transesterified the extracted lipids to produce biodiesel under microwave irradiation.  
The maximum (36.79 %) biodiesel yield was obtained in 15 min when IL2 was used 
as co-solvent.  The biodiesel production via DT under microwave irradiation was 
optimized using Central Composite Design (CCD).  The main effects considered 
were reaction time (5 – 25 min); wet algae to methanol ratio (1:4 – 1:12) and 
methanol:IL2 ratio (1:0.5 - 1:1); and the response variables measured was biodiesel 
yield.  Statistical analysis revealed optimum biodiesel yield (40.9 %) was achieved at 
15 min of reaction time, algae:methanol ratio of 1:4 and methanol:IL2 ratio of 1:0.5 
(v/v).  The major composition of fatty acid methyl esters (FAMEs) were oleic acid 
(C16:0), palmitoleic acid (C16:1), stearic acid (C18:1n9c) and linoleic acid 
(C18:2n6c).  In conclusion DT process using combination of methanol-IL2 coupled 
with microwave irradiation is a very attractive novel method to produce maximum 
biodiesel yield. 
 
vii 
 
ABSTRAK 
 
 
 
 
Nannochloropsis sp. telah diiktiraf sebagai sumber bahan mentah biojisim 
untuk menghasilkan biodiesel kerana kadar pertumbuhannya yang cepat, kandungan 
minyak dan lipid yang tinggi. Cabaran utama yang dihadapi adalah kos pemprosesan 
hiliran yang mahal seperti penyahairan dan pengeringan, penggunaan pelarut yang 
banyak. Novelti kajian ini adalah penghasilan biodiesel daripada biojisim mikroalga 
basah melalui penyinaran gelombang mikro dan proses transesterifikasi langsung 
(DT) dengan menggunakan cecair berion sebagai sistem sepelarut. Nannochloropsis 
sp. dikultur secara aseptik selama 9 hari pada keamatan cahaya berbeza (50, 100 dan 
200 μmolm-2s-1) dan kitaran fotokala (24:0, 18:06 dan 12:12 j cahaya:gelap) di dalam 
5 L photobioreaktor pada suhu 23 
o
C menggunakan medium F/2 dan Walne untuk 
pertumbuhan dan kandungan lipid yang maksima. Sinaran gelombang mikro 
digunakan dalam pengekstrakan lipid dari mikroalga dan juga transesterifikasi dan 
data dibandingkan dengan pemanasan waterbath konvensional.  Kesan parameter 
seperti jenis pelarut dan masa tindak balas daripada pendedahan kepada sinaran 
gelombang mikro kepada penghasilan biodiesel dikenalpasti. Proses DT dibuat 
dengan mengambil kira faktor yang penting seperti suhu dan masa tindakbalas, 
nisbah alga/methanol dan nisbah methanol/IL2. Keputusan menunjukan 
pertumbuhan dan kandungan lipid yang maksimum diperolehi pada keamatan cahaya 
100 μmolm-2s-1 dan foto kitaran 18:06 j selepas 7 hari pengkulturan di dalam media 
Walne; mencapai sel maksimum 12.5 x 10
7
 sel.ml
-1
 dengan kadar pertumbuhan 0.453 
d
-1
 dan kandungan lipid 38.31%. Gelombang mikro mempercepatkan lagi pemecahan 
dinding sel mikroalga dan menyebabkan minyak lebih cepat dikeluarkan. 
Penggunaan IL2 sebagai sistem sepelarut merupakan paling berkesan untuk 
memecahkan sel. Ianya dilihat dengan pemecahan sel yang maksimum sebanyak 
99.73% dicapai selepas 15 min proses DT. Campuran metanol-IL2 menyarin lipid 
daripada biojisim mikroalga dan secara serentak lipid ditransesterifikasikan untuk 
menghasilkan biodiesel di bawah sinaran gelombang mikro.  Penghasilan biodiesel 
yang maksimum telah dicapai pada 15 min apabila IL2 telah digunakan sebagai 
sepelarut (36.79 %). Penghasilan biodiesel menggunakan biojisim basah dalam 
proses DT telah dioptimumkan dengan menggunakan perisian Central Composite 
Design (CCD). Faktor-faktor utama yang diambil kira adalah masa tindak balas (5-
25 min), nisbah alga/metanol (1:4-1:12) dan nisbah methanol/IL2 (1:0.5-1:1), dan 
pembolehubah maklumbalas yang dikaji ialah penghasilan biodiesel. Analisis 
statistik menunjukkan penghasilan biodiesel yang maksimum (40.9%) telah dicapai 
pada 15 min masa tindakbalas, nisbah alga:metanol 1:4 dan metanol:IL2 nisbah 
1:0.5.  Komposisi utama asid lemak metil ester (FAMEs) adalah asid oleik (C16:0), 
asid palmitoleic (C16:1), asid stearik (C18:1n9c) dan asid linoleik (C18:2n6c). 
Kesimpulannya proses DT menggunakan kombinasi methanol:IL2 dibantu dengan 
sinaran gelombang mikro adalah satu kaedah baru yang amat menarik untuk 
menghasilkan biodiesel yang maksimum. 
